Background: A growing number of studies suggest that exposure to cues which are associated with weight control can prime or prompt controlled food intake in tempting food environments. However, findings are mixed and understanding which types of cues and for whom such cues may be most effective is needed to inform subsequent research and societal applications. A systematic review and meta-analysis were conducted to evaluate the effects of exposure to weight control cues compared with control cues on food intake. Methods: PsycINFO, Medline, Embase and Web of Science were searched using key terms. Hedge's g was used to calculate effect sizes based on mean food intake, standard deviations and sample sizes extracted from relevant publications and, a random effects model was used for the meta-analysis. Results: Twenty-five articles consisting of 26 studies were eligible. Data from 25 studies (31 effect sizes) were available for the meta-analysis. Overall, weight control cues reduced food intake, albeit to a trivial effect (ES: -0.149, 95% CI: -0.271 to − 0.027). Subgroup analyses when studies which induced negative affect were removed showed that for individuals with strong weight control goals the effect was small-to-moderate (ES: -0.440, 95% CI: -0.718 to − 0.163), whereas for individuals with weak weight control goals this effect was trivial and non-significant (ES: 0.014, 95% CI: -0.249 to 0.278). Cue type and level of engagement did not significantly moderate the effect; however, specific cues (low-calorie foods and thin models) and attended engagement yielded significant effects. Caution is needed interpreting these findings as most studies were rated with high risk of bias and a number of studies could not be included in the subgroup analyses. Conclusions: Based on the data available, weight control cues reduce food intake in individuals with strong weight control goals. Further research is needed to explore longer term effects of cue exposure and confirm underlying mechanisms. PROSPERO registry#CRD42016052396.
Background
The current obesogenic environment presents constant exposure to palatable high energy dense foods and has been identified as a key driver of overconsumption and rising obesity rates [1, 2] . Exposure to palatable food cues can increase physiological responses to food [3] , anticipatory food reward [4] and food intake [5] . As such, it has been recognised that interventions which target environmental cues might offer an effective strategy to influence eating behaviour at the population level [6] . Indeed, there is a growing body of evidence that small alterations to the proximal environment can influence pro-health behaviours [6] .
One way that environmental cues can influence behaviour is by activating or priming cognitions [7] . According to goal priming theorists, cues can activate cognitive goals and result in goal-directed behaviour [7] . While the cue exposure can occur at a conscious or subconscious level, the activation of goals occurs outside of conscious awareness. Applied to eating behaviour, this suggests that cues associated with weight control (e.g. scales, low calorie foods) can activate or prime weight control goals and lead to controlled or reduced food intake [8] . According to The Goal Conflict Theory, such effects will be more pronounced in individuals who hold relevant weight control goals [8] . In support, laboratory studies have reported that compared to control cues, exposure to weight control cues have reduced subsequent food intake in general samples [9, 10] and in individuals with strong weight control goals such as restrained eaters [11] and dieters [12, 13] . Other studies have reported that the effects of weight control cues are moderated by particular settings such as the time of day (effects in general sample) [14] and portion size (effects in restrained eaters only) [15] . The effects of weight control cues on food intake (in restrained eaters) have also been found in real world settings such as in response to a 'slimming poster' displayed on the entrance to a butcher's store [16] . These findings are important because they suggest that goal priming can be applied to population-level behaviour change interventions [17] .
However, findings are mixed as some studies reported no effects of weight control cues on food intake [18, 19] . Such discrepant findings might be due to the methodologies used across studies as the types of cues used, the level of cue engagement (for example, subliminal, incidental and attended) and the samples tested have largely varied. Understanding the effects of weight control cues and which types of cues, settings and for whom these cues might be most effective will be valuable to inform societal applications and subsequent research.
As such, a systematic review and meta-analysis of the evidence was conducted to identify the effectiveness of weight control cues on food intake and to investigate if the effects are moderated by the type of weight control cue used (cue type and level of engagement) and the extent to which participants hold weight control goals.
Methods

Search strategy
The systematic review and meta-analysis is reported in line with the preferred reporting items for systematic reviews and meta-analysis (PRISMA) guidelines. The protocol was registered in the PROSPERO database (International prospective register of systematic reviews; registration number: CRD42016052396). Four electronic databases were searched for articles published up to January 2017 (and the search was updated in March 2018): PsycINFO (from1806), Medline (from 1946), Embase (from 1947) and Web of Science (from 1864). The search included a combination of key words relevant to cues, weight control and food intake (Additional file 1). One author conducted the search and selected articles for full text screening based on article titles and abstracts (NB) and a second author (KB) checked 10% of articles (there were no disagreements). A manual search of eligible articles reference lists and citations was also conducted which identified two eligible articles [20, 21] . Authors of eligible studies were contacted to request for other published or unpublished studies to minimise publication bias. This resulted in two articles [11, 22] and one unpublished study being identified [23] .
Study eligibility criteria
The search was limited to English-language papers, human studies and healthy adults aged 18-64 years. Studies were included if they exposed participants to cues associated with weight control and, during or after cue exposure, objectively measured food intake as either energy intake, weight consumed or piece count. Studies that used self-reported food intake, food choice or eating intentions were not included. Only food intake was assessed as it allows for the precise measurement of consumption [24] , whereas food choice does not necessarily reflect intake and self-report measures are subject to underreporting [25] . To our knowledge, there is no formal definition or a database of validated cues that are associated with weight control cues. Therefore, we considered studies that used cues closely linked with dieting constructs (e.g. slim models, weighing scales, low calorie foods, weight management products and exercise-related cues) to be eligible. There were no disagreements between authors about whether a particular cue was regarded as a weight control cue or not. Cues more closely aligned to eating enjoyment cues (e.g. overweight body images, palatable food) were not considered to be weight control cues. Studies were included regardless of the theoretical approach used (e.g. some studies used exposure to slim models to manipulate negative body image, body dissatisfaction or motor priming [26] rather than priming weight control goals per se [20] [21] [22] [27] [28] [29] [30] ). Exposure to cues could be either subliminal, incidental or explicit. Studies which administered cues after at least 5 min of access to snacks were excluded as this could have minimised the impact of cue exposure on food intake. 1 Studies using food packaging labels as cues (e.g. 'low fat') were excluded to prevent any confusion over inconsistent food messages confounding food intake (e.g. 'healthy' cookies). Studies that had cues which incorporated negative messages about being overweight were excluded (e.g. body weight stigma) [31] . To prevent study duplications, PhD and Masters theses containing studies published in peer-reviewed journal articles were not included. Experimental, quasi-experimental and intervention studies which used either within-or between-subject designs were included. For quality control, only studies that included a control condition comprising of either no cue or a neutral cue were included; studies that compared weight control cues to eating enjoyment cues only (aimed at increasing food intake) and did not include a control condition were excluded. Two authors were responsible for screening full text articles (NB, KB). There were no disagreements.
Data extraction
One author extracted sample sizes, means and standard deviations of food intake in the cue and control conditions (KB). Another author (NB) checked that the extracted data corresponded with the data reported in papers (NB). One author (NB) extracted all other study information. The extracted data is shown in Table 1 . Authors were contacted for missing sample sizes, means, standard deviations and units of outcome (grams or kcal). In instances when means and standards errors were provided for food intake, standard deviations were calculated [10, 21] .
Meta-analysis
A specialty meta-analysis software was used for the analyses (Comprehensive Meta Analysis, version 3; Biostat, Englewood, NJ). Means, standard deviations and sample size for the cue exposure and control conditions were inputted into the software. For studies with multiple comparisons (e.g. [32] ), sample sizes for each comparison were adjusted accordingly. In one study [19] , means, sample size and p-value were used to compute the effect size (ES). The ES was calculated as Hedges's g to account for potential bias and the overall ES using a random effects model due to large variability in study designs and outcomes reported. A negative effect size value indicates that cue exposure decreased food intake whereas a positive effect size indicates that cue exposure increased food intake relative to no cue exposure. The effect sizes were interpreted as follows: < 0.2 as trivial, 0.2-0.3 as small, 0.5 as moderate, and > 0.8 as large [33] .
Heterogeneity was assessed using the I 2 index, with values of 25% considered as low heterogeneity, 50% as moderate and 75% as high [34] . Sensitivity analyses were conducted by the software by excluding one study at a time to examine if results were affected by any one study in particular. Planned subgroup analyses were conducted to identify whether the effects of weight control cues on food intake was moderated by cue type, level of engagement and whether participants held weak or strong weight control goals. High restrained eaters, dieters and individuals with high self-discrepancy were combined and classified as those with strong weight control goals, and low restrained eaters, non-dieters and individuals with low self-discrepancy were classified as those with weak weight control goals (using restrained eating as an indicator for weight control goals is consistent with previous research [8] ) (the decision to combine dieters, restrained eaters and self-discrepancy was made after data extraction and not pre-specified in the registered protocol). Exploratory moderator analyses were also conducted for categorical data, including sex, snack type, sample type, intake measure, use of appetite control procedures and theoretical model. To assess publication bias, Egger's regression [35] and the trim-and-fill method were used [36] .
Risk of bias
Risk of bias was assessed using the Cochrane Collaboration's tool as closely as possible [37] (Additional file 2). Studies were evaluated for 'blinding of participants and personnel' and 'blinding of outcome assessors' based on the likelihood that participants were naive about food intake being assessed (i.e. use of a cover story and whether the cover story was believed), and whether the Yes, no; type of assessment used.
Main outcome Food intake in ounces, piece count, grams and energy intake; assessment method for food intake (weighed, piece count)
Risk of bias Random allocation to conditions, randomisation methods, allocation concealment, blinding (use of a cover story and participants' beliefs about the study aims; whether the researcher was aware of the study aims or condition that had been administered), completion of outcome reporting (excluded participants), procedures used to control for appetite, individual or social setting, administration of psychometric scales.
experimenter was blinded to the study aims or condition that had been administered. For 'other bias, ' studies were assessed based on the likelihood that confounding variables could have influenced food intake [for example piece count (high risk of researcher bias), the absence of procedures to control for appetite between conditions [38] ; social settings [24, 39] ; providing restricted food portions [24] ; and administering psychometric scales prior to the assessment of food intake which may have increased body image awareness]. One author rated each study for risk of bias (NB) and decisions were cross-checked by another author (KB). Any disagreements were discussed and resolved between the two authors.
Results
Included studies Figure 1 shows the article selection process. Of the 5583 articles identified, 25 were eligible for the systematic review which comprised of 26 studies. Of these, one article was excluded from the meta-analysis as the data (means, standard deviations and sample sizes) could not be obtained [28] . As such, the meta-analysis included 24 articles from which there were 25 studies (one article had two studies [26] ) with 31 relevant comparisons (four studies included two comparisons [10, 14, 15, 40] and one included three [32] ). For one study, different cues were used for males and females and only the cue used for females met the eligibility criteria [32] . Therefore, for that study, only the data for females were included in the systematic review and meta-analysis. Table 2 displays characteristics of the eligible studies. Of the 26 studies, one was a field study [16] and all others were laboratory studies. All used between-subject designs except for two which used within-subject designs [13, 23] . Eight studies were conducted in the USA [14, 19, 26, 32, [40] [41] [42] , four in the UK [12, 13, 20, 23] , three in Canada [18, 21, 30] , three in the Netherlands [15, 16, 27] , three in Switzerland [9, 11, 43] two in Australia [10, 29] , two in New Zealand [22, 28] and one in France [44] . Twelve studies used female participants only [12, 13, 18, [20] [21] [22] [23] [27] [28] [29] [30] (including the study where only the manipulation for females was deemed eligible [32] ) and 14 used mixed-sex samples [9-11, 14-16, 19, 26, 40-44] . Of the mixed-sex samples, 42.6% were males. Eighteen In the meta-analysis, morning and afternoon sessions were treated as two separate studies; Article also reported mean food intake in response to an 'indulgent' condition; means for healthy and control were used in our analysis only c Article also reported mean food intake in response to a tempting (eating enjoyment) preload (garlic bread); means for diet-congruent and control were used in our analyses only d
Study designs and participants
Article also reported mean food intake in resposne to a snacking (2 fast-food products, candy bar, and cola soft drink) message advert; means for nutrition message and control were used in our analyses only e Article also reported a different manipulation for male participants (n = 151) which was not included in our analyses; Article included four conditions: control; weight control images only; weight control cue with congruent weight control text and weight control cue with incongruent text. In the analyses the overall effects of primes are reported compared to control adjusting for sample size accordingly f Article also reported means for a 'fat models' condition, means for 'thin models' and 'neutral slides' were included in our analyses only g Article also reported means for a 'large bodies' condition, means for 'thin bodies' and 'product only' were included in our analyses only h Article also reported means for a 'gourmet' condition, means for 'dieting' and 'control' were included in our analyses only i
Small and large packs were used as two separate studies in the analyses studies used student samples [10, 14, 15, 18, 19, 21, 22, 26-30, 32, 40-42, 44] , three used non-student samples [9, 16, 43] and five used a combination of student and non-student samples [11-13, 20, 23] . Mean age was 24.8 ± SD 9.5 years (median 20.3; range 18.6-56.0 years) (mean age unavailable for two studies [19, 30] ). This was based on nine studies where participants' self-reported BMI [10, 15, 16, 21, 29, 32, 40, 42, 44] and six where BMI was objectively measured by the researcher [12, 13, 22, 23, 27, 28] . Methods for obtaining BMI were not specified in two studies [26] .
Other study information
All studies examined the effect of cues on short term food intake; however, there were variations in the interval between cue exposure and assessment of food intake. Thirteen studies assessed food intake either during cue exposure (n = 3 [9, 15, 29] ) or immediately after cue exposure (n = 10 [10-12, 14, 19, 26, 30, 42, 44] ), including those that also administered appetite ratings after cue exposure. For one study this was after a second exposure phase to counteract a lexical decision task [12] . In one study timing differed for each participant [16] and in another study a lexical decision task was administered after cue exposure for half of the participants while food intake of the other half was assessed immediately after cue exposure [18] . The remaining 11 studies administered tasks in between cue exposure and food intake which consisted of a lexical decision task [13, 23, 28] , cognitive load [43] and self-control task [40] , rating the cue exposure task and completing a demographic questionnaire [41] , a self-concept questionnaire [32] , a filler memory task implicit mood task and weight satisfaction [22] , a self-esteem task only 2 or with either a mood and image forced choice recognition task [27] or a mood and body size perception task [21] . Based on the questionnaires or tasks used, the four studies using tasks to assess mood, body satisfaction or self-esteem were classified in the meta-analysis as studies inducing negative body image or mood.
The majority of studies assessed snack intake; except for two which examined either lunch [42] or evening meal intake [13] . Of the studies providing snack foods, nine provided a sweet food: cookies [18, 21] , M&Ms. [14, 15, 22, 44] , chocolate [9] , raisins [26] and chocolate or blueberries [11] ; five studies provided savoury snacks: pretzels [32] , crisps [41, 43] , crackers and pretzels [30] and meat samples [16] . Nine provided a selection of sweet and savoury foods [10, 12, 19, 20, 23, 26, 28, 29, 40] . One study used a high calorie food that had been individually selected [27] . Twelve studies reported gram intake [10, 11, 15, 18-22, 28, 30, 43, 44] ; 10 reported energy intake [12, 13, 23, 26, 27, 29, [40] [41] [42] ; three reported piece count [9, 16, 32] and one reported intake in ounces [14] . Most studies (n = 21) examined at least one moderating variable in response to cue exposure (see Table 2 ).
A range of weight control cues were used across studies (see Table 2 ). Eleven studies used thin models [9, 11, 18, 20-22, 27, 28, 30, 32, 43] , five used low calorie foods [12, 13, 15, 19, 23] , five used exercise cues [26, 40, 42, 44] , three used a combination of healthy, exercise [10] and body weight or shape cues (e.g. word thin) [14, 41] , one used a weight loss television programme [29] and one used a poster that referred to a low calorie recipe and slim fig. [16] . In most studies, participants attended to the cue (n = 18 [10, 13-15, 19-23, 26, 28-30, 32, 40-42, 44] ). To engage attention, participants were either asked to rate the cue on various attributes (e.g. if presented as an advert or image) [21, 26, 32, 42, 44] , encode the cue for subsequent recall [15, 20, 22, 28, 30] , eat or smell and handle the cue [13, 23] , form sentences, create sentences or complete a word search task containing cue-relevant words [10, 14, 41] , watch a television programme containing cues [19, 29] or the researcher directed participants' attention to the cue [40] . Five studies used incidental exposure (achieved with slim figures on a computer screensaver [9, 11, 43] , having magazines that featured slim models in the testing rooms [18] and a poster on the window of a butcher's store [16] ) and three used subliminal exposure (15-23 millisecond exposure to exercise words [26] and images of slim models [27] or low calorie food and beverages [12] ). In eight studies the weight control cues were selected based on either pre-tests which validated that the cues were associated with dieting to lose weight [13, 23] or health and nutrition [19] ; others validated body images as being slim and attractive as rated by either pre-study samples [27, 32] or researchers [21] ; and other studies obtained ratings from the study participants that the cues were associated with dieting to lose weight [12] or made them feel 'healthy' and 'in shape' [42] .
In terms of explaining the effects of exposure to weight control cues on food intake, seven studies assessed potential mechanisms; four studies administered tasks to assess the accessibility of diet-related goals (goal priming) [12, 13, 18, 23] and three assessed self-esteem [20, 27] , mood [21, 27] or body size perception [21] as potential mechanisms for cues influencing food intake.
Meta-analysis
There was a trivial overall mean effect size of cue exposure in reducing food intake (ES: -0.149, 95% CI: -0.271 to − 0.027; n = 31; Fig. 2) , which was statistically significant from zero (p = 0.017). Heterogeneity among the studies was moderate (I 2 = 56.88%). Sensitivity analysis based on the one-study-removed procedure did not reveal any major impact of a single study on the overall effect size.
Planned moderator analysis: Cue type and level of engagement
Results from the moderator analyses are presented in Table 3 . Cue type and level of engagement did not significantly impact the variation in the effect of cue exposure on food intake. However, there were effect sizes significantly different from zero favouring a reduction in food intake when cues were low calorie foods or thin models, and when cues were attended to. Important to note, there was low variability across studies using low calorie foods (I 2 = 20.47%).
Planned subgroup analysis: Weight control goals
Subgroup analysis on data reported in 13 studies (contributing 26 effect sizes) showed no significant variation in the effect of cue exposure on food intake between groups with weak or strong weight control goals (Table 3) . However, as heterogeneity was moderate in the strong weight control goal group (I 2 = 65.11%) [low heterogeneity in the weak weight control goal group (I 2 = 0.00%)] and there was concern that some studies were confounded with negative affect after cue exposure, exploratory subgroup analysis was conducted with these studies removed [20, 21, 27] . Upon removal, the analysis showed significant variation in the impact of cue exposure between subgroups. For participants with strong weight control goals, cue exposure decreased food intake compared to control with a small-to-moderate effect size, which differed significantly from zero (heterogeneity slightly decreased: I 2 = 56.84%), whereas for participants with weak weight control goals, the effect of cue exposure on food intake was trivial and non-significant. In two of these studies (contributing 3 effect sizes) [15, 16] means and standard deviations had to be estimated by the research team (see Table 2 ). Removal of these studies did reduce the effect of the moderator to non-significant (p = 0.159); however, the effect size for participants with strong weight control goals remained significant and small-to-moderate (ES: -0.378, 95% CI: -0.733 to − 0.023; p = 0.037, n = 7). Table 3 shows the moderators examined. The only moderator with a significant impact on the variation of the effect of cue exposure on food intake was whether appetite had been controlled for. Food intake significantly decreased after exposure to weight control cues relative to control and with small-to-moderate effects in studies that controlled for appetite (either using study procedures or including appetite ratings in the analysis). The impact of sex on the effect of cue exposure on food intake approached significance (p = .06), with food intake significantly decreasing after exposure to weight control cues with a small effect size in females.
Exploratory analyses
It is also of interest to note that, within the other moderators, significant effect sizes favouring a reduction in food intake with cue exposure were apparent with validated cues, in mixed student-community samples, in Two studies using motor priming were not included in the moderator analysis as both were from one article [26] , another using vicarious goal fulfilment was also not included [46] . *p<.05; **p<.01; ***p<.001 at the subgroup level studies that assessed food intake during or immediately after cue exposure or after tasks that did not induce negative affect, savoury snacks, combined sweet and savoury snacks, and in studies that used a goal priming theoretical approach.
Risk of bias
A summary for risk of bias is shown in Fig. 3 . For 'sequence generation' , all studies were rated at high risk; two did not randomly assign participants to conditions [16, 43] , three studies did not specify whether randomisation had been used or randomisation had to be assumed based on a previous study reported in the article [9, 11, 15] ; all remaining studies specified random allocation to conditions or random order of conditions (within-subject designs [13, 23] ) but no studies reported randomisation methods used and as such were rated at high risk.
No studies specified whether allocation concealment had been used. As such all studies were rated as unclear risk, except for those using a repeated measures design (low risk) [13, 23] and a study conducted by one of the current authors who confirmed allocation concealment had not been used [12] . For the criteria 'blinding of participants and personnel' , twelve studies were rated at high risk for either not providing information about a cover story or providing a cover story but not reporting whether participants believed the cover story [9, 18, 20, 26, 29, 32, [40] [41] [42] [43] [44] . All other studies were rated at low risk for blinding of participants and personnel. For blinding of outcome assesors, all studies were rated at high risk, except for two that were unclear [19, 34] and one that was rated as low risk [43] . For the criteria 'incomplete outcome data' four studies were considered at high risk for excluding participants for reasons not given in the exclusion criteria [22, 28, 42, 43] . For the criteria 'selective outcomes, ' five studies were considered to be at high risk; two did not report means and standard deviations for non-significant results (planned analyses) [40, 41] , two studies reported unplanned analyses [11, 43] and one study had conducted two additional separate conditions but due to non-significant findings merged the data from these conditions with the weight control and control conditions [42] . For 'other bias' , eighteen studies were considered at high risk for a variety of confounding variables (some studies had multiple confounding variables): using piece count to assess intake (n = 5 [9, 16, 26, 32] , not using procedures to control for subjective appetite (e.g. fasting period, fixed meals or including subjective appetite ratings or duration since last ate as a covariate, n = 11 [11, 14, 16, 18, 21, 26, 29, 32, 41, 43] ); assessing intake in the presence of social others (n = 3 [16, 32, 42] ), administering psychometric scales prior to assessing food intake (e.g. weight satisfaction, self-esteem, body size perception; n = 4 [20, 21, 27, 28] ), providing a restricted portion of food (n = 4 [9, 11, 26, 43] ) and not measuring all foods provided (n = 1 [42] ). Two studies were rated as unclear for either not specifying the control procedure [40] (e.g. for the experimental condition the researcher diverted participants' attention to cues, no information provided about the procedure for the control condition) or not specifying whether food intake was assessed individually or in the presence of social others [19] . The remaining six studies were rated at low risk for 'other bias' [10, 12, 13, 22, 23, 30] . 
Publication bias
Inspection of the funnel plot (Additional file 3) showed a slight shift to the left of the mean, suggesting some presence of publication bias. Egger's regression intercept revealed little evidence of publication bias (intercept: 0.33, 95% CI: -2.15 to 2.81, p = 0.788); however, the trim-and-fill analysis revealed evidence of four missing studies reporting increased food intake in response to cue exposure to bring symmetry to the right of the mean. These studies, would have to have an ES ≥ 0.4, to moderate the ES to − 0.080 (95% CI -0.208 to 0.047), negating its significance.
Discussion
This systematic review and meta-analysis assessed the effect of exposure to weight control cues on food intake. Results from the meta-analysis, which combined 24 articles (25 studies) and contributed 31 effect sizes, suggest that in general, exposure to weight control cues has a trivial effect to reduce food intake compared to control cues. The magnitude of this effect was increased in individuals with strong weight control goals (identified as being either dieters, restrained eaters or those with high-self discrepancy). Cue type and level of engagement with cues did not moderate the effect. However, the effect sizes were more consistent (as indicated by low heterogeneity) and significant when low calorie foods were used as the weight control cue. The effect sizes were also significant for thin models (with no negative affect) and when participants attended to the weight control cues. Studies using incidental and subliminal cue exposure did not significantly affect food intake.
To our knowledge this is the first systematic review and meta-analysis examining the effect of weight control cues on food intake. The findings support narrative reviews that weight control cues can reduce food intake, especially in individuals with strong weight control goals [8, 17] . This finding is also in accordance with the Goal Conflict Theory which states that cues will elicit a greater response in those with relevant goals [45] . In the current meta-analysis, this selective response to weight control cues (based on the strength of weight control goals) suggests the results might be due to goal priming. However, further investigation is required to confirm goal priming as a mechanism. Previous research has shown that exposure to weight control cues increases accessibility of weight control goals [46] . In this meta-analysis, there were insufficient studies which tested goal priming as a mechanism to be able to draw clear conclusions. As such, it is recommended that studies investigating the effects of weight control cues on food intake incorporate tests to identify possible goal priming mechanisms. One of the reasons why few studies incorporated tests of goal priming mechanisms may be because the tests themselves can disrupt or confound the effects of cue exposure on subsequent food intake. Thus, researchers need to identify effective methods to overcome this issue such as counterbalancing the order that the mechanism and food intake is assessed [18] , repeating cue exposure after testing the mechanism [12, 23] or devising alternative tasks based on the principles of goal priming [45] .
The Goal Conflict Theory proposes that weight control cues will have selective effects on those with strong weight control goals because such individuals hold conflicting weight control and eating enjoyment goals [8] . As both eating enjoyment and weight control goals cannot be active at the same time, activation of one will lead to inhibition of the other. For example, in food-tempting settings, the eating enjoyment goal becomes more prominent and the weight control goal is momentarily inhibited, resulting in behaviour consistent with eating enjoyment goals. In contrast, weight control cues reinstate the weight control goal and facilitate controlled food intake in tempting food environments. Individuals with weak weight control goals do not experience such conflict and therefore their behaviour is less determined by environmental cues. Thus, the selective response to weight control cues found in this meta-analysis is consistent with the Goal Conflict Theory.
Yet, caution is needed when interpreting the finding that the strength of weight control goals moderated the effect of weight control cues on food intake, as this effect was only found after removing the studies which induced negative affect after cue exposure (by administering scale assessing weight satisfaction, self-esteem, body size discrepancy and negative mood scales). These differences in methodologies might have partly explained the moderate heterogeneity observed and justified removing these studies. Indeed, the difference that removing these studies made to the overall effect is consistent with a recent review which suggested that weight control cues will be most effective if they are associated with positive affect [17] . It is possible that studies that induce awareness of body image after cue exposure activate alternative processes which undermine the effects of cue exposure. However, it should be acknowledged that there were a number of studies which examined weight control goals as moderators but the means and standard deviations could not be obtained [11, 19, 22, [40] [41] [42] . Thus, further research comparing the effect of weight control cues in individuals with strong and weak weight control goals is needed. Direct comparisons between exposure to weight control cues only and exposure to weight control cues with tasks that increase awareness of body image are also needed. Furthermore, this meta-analysis assessed the impact of weight control cues as moderated by weak and strong weight control goals. Yet, very few studies included samples who were engaged in an active weight control attempt [12, 13, 23] most used measures of restrained eating to determine weight control goals [11, 15, 16, 18, 19, [40] [41] [42] . It has been argued that restrained eating assesses the tendency to watch what one eats rather than engaging in weight control strategies per se [47] . Thus, the effect of weight control cues on food intake need to be evidenced in more samples who are actively engaged in weight control attempts. It is also important to note that the grouping of low and high weight control goals in this meta-analysis was an exploratory analysis.
It is interesting that level of engagement with the cue did not significantly moderate the effects of weight control cues on food intake. However, this may be an issue of power as only a small number of studies investigated incidental and subliminal cues. It is important to note that attending to cue exposure did have a significant effect in reducing food intake and this finding is consistent with literature on mindfulness. Mindful eating involves focusing on the sensational experience of eating and food-related thoughts and it has been shown to reduce cravings [16, 48] and food intake [49] . This meta-analysis suggests that focusing on a weight control cue can also decrease food intake in those with strong weight control goals.
Controlling for appetite was another methodological difference between studies. Exploratory analyses showed effect sizes were larger in studies which controlled for appetite compared to those that did not. Using procedures to control for appetite (such as participants fasting for a given period of time or being provided with a fixed-caloric meal) reduces non-systematic variance in food intake and improves the quality of the research design. Although not able to test here, it is possible that appetite moderates the effect of cue exposure on food intake and therefore it is important to control for it. Based on this finding we would strongly recommend researchers adopt standardised procedures when conducting laboratory studies [24, 38] . Adoption of such procedures is also important as the quality assessment showed that most studies were rated as at high risk of bias (Additional file 2). This recommendation is in line with a recent call for future laboratory eating behaviour studies to adopt more rigorous methods [50] .
The current findings have important implications. While future studies are needed to confirm the durability of the effects of weight control on food intake (e.g. after repeated exposure), exposure to weight control cues has relevance for weight control attempts. Of course, it cannot be assumed that short term reductions in food intake will result in long term weight changes [51, 52] . As such, the impact of weight control cues on food intake and changes in body weight over time needs to be tested. Subsequent research could test the effects of incorporating weight control cues into a weight loss programme on changes in body weight. In today's technology-rich environment, weight control cues could be delivered via smart phone applications and used with ease and minimal cost [53] .
Consideration of the limitations of the systematic review and meta-analysis is needed. To our knowledge, there are no validated databases of weight control cues and as such, the research team used their judgement about which cues qualified as being weight control cues. For instance, the selection criteria used did not include eating enjoyment cues as weight control cues (e.g. palatable food or overweight models [54] ). However, it has been suggested that for some individuals, eating enjoyment cues themselves might activate weight control cognitions [55] . For example, individuals who report high levels of dieting success may have learned over time to associate eating enjoyment cues with weight control cognitions, meaning that weight control goals are activated in response to eating enjoyment cues [55] . As this may involve different processes to more 'prototypical' weight control cues, eating enjoyment cues were not included in the current meta-analysis. Importantly, this issue highlights that across studies there may be subjectivity in the definition and selection of cues used to activate weight control cognitions. It is possible that some studies may have used cues that the sample did not associate with weight control (even if the researchers assumed they did) and thus, this may have minimised the opportunity to observe effects of weight control cues in some studies. In support of this, the current findings showed that effects were only significant in studies that validated cues either before or during the study as being associated with weight control constructs (although not a significant moderator). Therefore, it will be valuable for future research to develop a validated database of weight control cues that report the extent to which a range of cues are associated with weight control and the extent to which these vary within and between sub-populations (for example, age, restrained eaters, types of dieters -successful versus less successful weight losers and maintainers). This will be a valuable resource for researchers to use when conducting goal priming studies.
The current findings are also limited to the data available. There were a number of studies which examined weight control goals [11, 19, 22, [40] [41] [42] or other moderators such as BMI [40, 42] and exercise levels [42] that were not included in the meta-analysis due to insufficient data being available. Additionally, the risk of bias assessment showed that due to methodological issues, most of the studies were rated as being at high risk of bias and as such the findings should be interpreted with caution. Moreover, in terms of public health applications, the current findings provide support that weight control cues can improve acute control over food intake in individuals with goals to lose weight. This support is based predominantly on laboratory-based findings and as such more studies in real world settings are needed before applying such strategies to public health initiatives. This is important because although only small-to-moderate effects were reported for individuals with strong weight control goals, when scaled up and integrated as part of a wider national-level strategy tackling overconsumption, such effects can have an important impact on the population [56] . However, weight control cues will likely to have no impact on individuals who do not have weight control goals, who might also be the target of public health behaviour change interventions. As such, the findings suggest that alternative methods are needed that consider individual motivations or goals.
Conclusion
Results from this systematic review and meta-analysis showed weight control cues can reduce food intake and more so in individuals with strong weight control goals. However, the effects of weight control cues in those with strong weight control goals were only apparent when studies increasing body image awareness (and thus negative affect) were removed, suggesting that to impact food intake weight control cues should be presented in the absence of negative affect. The mechanisms underlying this effect remain to be evidenced and further studies are required to confirm which types of cues and level of engagement are most effective.
Endnotes
1 For instance, in three studies snacks were provided seven [14 (Study 1) confirmed in correspondence with author], fourteen [62] and twenty minutes [63] before cue exposure. 2 Seddon and Berry (1996) 
